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GROUP B STREPTOCOCCUS TYPE IX AND TYPE V 
POLYSACCHARIDE -PROTEIN CONJUGATE VACCINES 

This application is a continuation-in-part of 
United States Patent Application 07/949,970 filed 
September 24, 1992. 

STATEMENT A S TO RIGHT TO INVENTION 
This invention was made with Government support 
under NIH grant A123339, A130628 and A128040 awarded by 
the National Institutes of Health. The Government has 
certain rights in this invention. 



HELP PF THE J^VWFIO^ 
This invention relates to antigenic conjugate 
^ molecules comprising the capsular polysaccharide of Group 
B streptococcus type II or V which are covalently linked 
to protein. This invention also relates to vaccines and 
methods of immunizing mammals, including humans against 
infection by Group B streptococcus type II j (GBS II) and/ or 
type V (GBS V) . Multivalent vaccines comprising the 
conjugate molecules of this invention and antigens to 
other pathogenic bacterial are also claimed. 



PftCKGRQuyp Of ypp invention 
Infections due to group B streptococci (GBS) ar 
the most common single cause of sepsis and meningitis in 
newborns in developed countries (3, 31). Recent reports 
from some centers in the United States reflect a lower 
mortality (9 to 13%) than in series from the 1970s, 
perhaps as a result of earlier diagnosis and intensive 
care (1, 10). Nonetheless, fatal infections still occur, 
and equally important, up to 50% of survivors of GBS 
meningitis hav chronic neur logic injury ranging from 
deafness and mild learning disabiliti s to prof und motor, 
sens ry, and cognitive impairment (3). Prevention rath r 
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than improved diagnosis or therapy is likely to have the 
most significant impact in further reducing GBS-relat d 
morbidity and mortality. . 

Because GBS capsular polysaccharide-specif ic 
antibodies appear to protect both experimental animals 
(23, 24) and human infants (4, 5) from GBS infection, som 
of the polysaccharides have been purified and tested in 
healthy adults as experimental vaccines (6) . Were a safe 
and efficacious GBS vaccine available, it could be 
administered to women before or during pregnancy to elicit 
antibodies that would transfer to the fetus in utero and 
provide protection against neonatal infection. Of the 
three GBS polysaccharides (types la, II, and III) tested 
in volunteers, type II had the highest rate of 
15 immunogenicity, eliciting a type II-specif ic antibody 
response in 88% of previously nonimmune recipients (6). 
Although a variety of GBS serotypes have previously been 
recognized as contributing significantly to the percent of 
patients with GBS infection, type V has not been 
considered to be responsible for a significant percent of 
GBS infection. In neonates, the level of specific antibody 
required for protection against type II GBS infection is 
not precisely defined but has been estimated at 2 or 3 
/ig/ml (6). In a vaccine recipient who achieves an 
antibody response only slightly above the minimum required 
for protection, the amount of maternal antibody 
transferred across the placenta may be inadequate to 
protect a premature infant, because of the incomplete 
transfer to the fetus of material immunoglobulin G (IgG) , 
or an infant with late-onset infection, since the half- 
life of maternal IgG antibodies in the newborn is about 25 
days (13). Many of the infants in these two groups of 
patients might be protected if the magnitude of the 
sp cific antibody respons to vaccination wer higher. 
35 The transfer of maternal IgG to the fetus increases 
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throughout the third trimester, s a higher maternal 
antibody level would provide protection earlier, i.e., to 
a more premature infant (16). Similarly, higher maternal 
levels would result in longer persistence of maternal 

5 antibodies in the infant , thereby providing protection 
against late-onset disease, as well. 

The immunogenicity of several bacterial 
polysaccharide antigens has been increased by the 
attachment of suitable carrier proteins to polysaccharides 

q or to derivative oligosaccharides (2, 14, 17-19, 22, 27, 
29, 30, 34) . Desirable properties of polysaccharide- 
protein conjugate vaccines include enhanced immunogenicity 
of the polysaccharide, augmented hapten-specif ic antibody 
response to booster doses, and a predominance of IgG class 

^ antibodies. Recently, we have been successful in 

developing a GBS Ill-Tetanus Toxoid (TT) vaccine by using 
the side chain sialic acid moieties as sites of directed 
protein coupling (33) . The III-TT vaccine elicited GBS 
type Ill-specific, opsonically active antibodies, while 

g the unconjugated type III polysaccharide was 
nonimmunogenic in rabbits (33). 



pifflWARY OF THE ypVENTSQy 
This invention claims antigenic conjugate 
molecules comprising the capsular polysaccharide derived 
from Group B streptococcus type II and a protein 
component, or Group B streptococcus type V and a protein 
component, wherein two or more side chains terminating in 
sialic acid residues of the type II or type V 
polysaccharide component are each linked through a 
secondary amine bond to protein. 

Also claimed is a method of preparing the 
conjugate mo lecul s of a capsular p lysaccharide of Group 
B str ptococcus type II or type V and a protein 
comprising: 



CI IRCTITI ITC CUCCT /Dl ll c nc\ 



WO 94/06467 



PCT/US93/09056 



10 



15 



20 



25 



30 



- 4 - 



(a) subjecting th Group B streptococcus 
type II or type V capsular polysaccharide to periodate 
oxidation sufficient to introduce an aldehyde group into 
two or more terminal sialic acid residues linked to the 
backbone of the polysaccharide; 

(b) coupling the oxidized Group B 
streptococcus type II or type V capsular polysaccharide to 
a protein through reductive amination to generate a 
secondary amine bond between the capsular polysaccharide 
and the protein. 

Conjugate molecules prepared according to the 
method described above are also claimed. 

This invention further claims vaccines compris d 
of each of the conjugate molecules described above. In 
addition, this invention claims multivalent vaccines 
comprising the conjugate molecules of the invention and at 
least one other immunogenic molecule capable of eliciting 
the production of antibodies to a pathogenic substance 
other than Group B streptococcus type II or type V. In 
particular, in addition to comprising the GBS type II 
and/or GBS type V conjugate molecules, the multivalent 
vaccine, according to the invention, further comprises 
other immunogenic molecules capable of eliciting the 
production of antibodies to pathogens selected from the 
group consisting of Group B streptococcus types la, lb, 
III, IV and Haemophilus influenzae type b and E. coli type 
Kl. 

In another embodiment of this invention, a 
method of imm unizing neonates is claimed wherein the 
vaccine comprising the conjugate molecules of the 
invention are administered in an immunogenic amount to a 
female human so as to produce antibodies capable of 
passing into a fetus cone iv d prior t or after 
administration of the vaccine in an amount sufficient to 
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produce protection against infection in the n nate at 
birth. 

A method of immunizing adults wherein a vaccine 
comprising the conjugate molecules of the invention are 
administered in an immunogenic amount to a human adult is 
also claimed. In addition, a method of immunizing adults 
wherein a vaccine comprising the conjugate molecules of 
the invention are administered in an immunogenic amount to 
a person at risk for being infected by Group B 
streptococcus type II or type V is claimed. 

In another embodiment of this invention, a 
vaccine comprising the conjugate molecules of the 
invention are administered in an immunogenic amount to 
volunteer vaccine recipients who could donate serum or 
^ plasma which could be passively administered to the above 
groups. This invention also provides a method of 
immunizing persons including neonates, children and adults 
at risk for being infected by Group B streptococcus type 

II or type V. Those at risk may include persons whose 
immune system is suppressed for a variety of reasons 
including but not limited to cancer or diabetes. 

Another embodiment of this invention is a method 
of immunizing dairy herds against bovine mastitis 
consisting of administering a vaccine comprising the 
conjugate molecules of the invention in an immunogenic 
amount to dairy cows. 

BRIEF DESC RIPTION OF THE DRAWINGS 
FIGURE 1. Structure of the heptasaccharide 
repeating unit of type II GBS capsular polysaccharide 
920) . 

FIGURE 2. GBS type II polysaccharide 
competitive ELISA. GBS type la (0) , type II ( ) , and type 

III (a) polysaccharid s were used as inhibit rs of II-TT 
35 vaccine antibody binding to plates coat d with type II 



20 



25 



30 



01 tDCTJT! ITC CWCCT /R! II P 0Fi\ 



WO 94/06467 



PCT/US93/09056 



10 



15 



20 



25 



30 



35 



- 6 - 

polysaccharide. Results ar expressed as percentages of 
inhibition relative to that of control veils that lacked 
inhibitor. 

FIGURE 3. GBS type II polysaccharide 
competitive ELISA. Native (•) and desialylated or core 
(□) type II polysaccharides were used as inhibitors of 
antibodies elicited by II-TT vaccine. Datum points are 
means (with standard deviations) of triplicate 
determinations. Results are expressed as percentage of 
inhibition relative to that of control veils that lacked 
inhibitor. 

FIGURE 4 . Structure of the repeating unit of 
type V GBS capsular polysaccharide. 

FIGURE 5. GBS type V polysaccharide competitive 

ELISA. GBS type la (-a-), type lb (-a-) , type II ( ), 

type III (-0-) , type v (-■-) , and type VI 
polysaccharides were used as inhibitors of antibodies 
elicited by V-TT vaccine. Datum points are means of 
duplicate determinations. Results are expressed as 
percentage of inhibition relative to that of control wells 
that lacked inhibitor. 

FIGURE 6. In vitro opsonophagocytic killing by 
human peripheral blood lymphocytes of GBS type V strain 
CJB 111 opsonized by rabbit antisera raised to GBS type V- 
TT conjugate vaccine. C is complement. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The invention relates to antigenic conjugate 
molecules comprising a capsular polysaccharide component 
and a protein component. 

Bacterial strains. GBS type II strain 18RS21 
and type la strain 090 were originally obtained from the 
late Rebecca Lane field of Rockefeller University and wer 
maintained as fr zen cultures at -80 *C. strain 18RS21 was 
us d in in vitro and in vivo assays and was the source of 
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type II capsular polysaccharid used in the conjugate 
vaccine. Two GBS type II clinical isolates (strains S16 
and S20) and type III strain M781 were obtained from the 
Channing Laboratory's culture collection. 

Although previously not recognized as 
significantly contributing to the number of GBS infections 
in humans, recent evidence now indicates that the type V 
serotype contributes to about 15% of GBS infections. To 
prepare a GBS-type V conjugate vaccine, GBS type V strain 
1169-NT1 were obtained from Dr. J. Jelinkova of The 
Institute of Hygiene And Epidemology, Prague, Czech 
Republic and were maintained as frozen cultures at -80°C. 
Strain 1169-NT1 was used in in vitro and An vivo assays 
and was the source or type V capsular polysaccharide used 
in the conjugate vaccine. GBS type V strain CJB 111 was 
originally obtained from Dr. Carol Baker of Baylor 
University. 

Conjugation of GBS type II polysaccharide or 
type V polysaccharide to TT. Type II capsular 
polysaccharide was purified from strain 18RS21 cells by 
methods described previously for purification of type III 
polysaccharide (33). The conjugation of type II 
polysaccharide to monomeric TT was performed by using 
techniques detailed previously for the conjugation of TT 
to GBS type III polysaccharide (33). In brief, native 
type II polysaccharide was size fractionated on a 
Sepharose CL-6B column (1.6 by 85 cm; Pharmacia Fine 
Chemicals). The material eluting at the center of the. 
major peak was pooled, dialyzed against water, and 
lyophilized to yield material with a relative molecular 
weight of 200,000. Analysis of this material by 1 H- 
nuclear magnetic resonance spectroscopy at 500 MHz 
confirmed the native type II polysaccharide structure (20) 
and the absence f group B antigen (26) . Polysaccharides 
suitable for us in the conjugat m lecules f this 
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invention may vary in molecular w ight over a broad range. 
A preferred molecular weight rang for the p ly saccharide 
component is between about 5,000 and 1,000,000 daltons. A 
more preferred range is between 100,000 and 300,000. 
Within the range of 100,000 to 300,000 daltons, 
polysaccharides having molecular weight of about 200,000 
daltons are preferred. 

The size-fractionated type II polysaccharide was 
subjected to mild oxidation with sodium meta-periodate 
(18). This procedure resulted in the conversion of a 
portion of the sialic acid residues on the polysaccharide 
to the eight-carbon analog of sialic acid, 5-acetamido- 
3 , 5-dideoxy-D-galactosyloctulosonic acid (33). The 
percentage of sialic acid residues oxidized was estimated 
^ by gas chromatography-mass spectroscopy of the sialic acid 
residues and their oxidized derivatives as described 
previously (33). Preferably between about 5 and 50% 
of the sialic acid residues of each GBS type II 
polysaccharide are modified and available to be linked t 
protein. Most preferably, between about 5 and 25% of th 
sialic acid residues of the GBS type II polysaccharide ar 
modified and available for linkage to protein. 
Modification of between about 5 and 10% of the GBS type II 
polysaccharides is most preferred. 

Oxidation of the GBS type V polysaccharide to 
achieve between about 5 and 80% modification of the 
terminal sialic acid residues to form reactive aldehydes 
is preferred. Modification of between about 10 to 50% of 
the terminal sialic acid residues is more preferred. 

The .protein component of the conjugate molecules 
of the invention may be any physiologically tolerated 
protein. Among the preferred proteins are tetanus toxoid, 
diptheria toxoid and cross reactive materials such as 
CRM 197 . 

35 
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Th oxidized type II polysaccharide was linked 
to monomer ic tetanus toxoid ("TT") (Institute Armand 
Frappier, Montreal, Canada) by reductive amination as 
described previously (33). The TT was purified to its 
monomer from by gel filtration chromatography also as 
described previously (33). In brief, 10 mg of the 
periodate-treated type II polysaccharide and 10 mg of 
purified TT were dissolved in 0.6 ml of 0.1 M sodium 
bicarbonate (pH 8.1). Sodium cyanoborohydride (20 mg) was 
added to the mixture and incubated at 37 °C for 5 days. 
The progress of the conjugation was monitored by fast 
protein liquid chromatography (FPLC) of small aliguots of 
the reaction mixture analyzed on a Superose 6 (Pharmacia) 
gel filtration column. The reaction was terminated when 
the height of the peak eluting at the void volume of the 
column (representing the high-molecular-weight conjugate) 
remained constant. The conjugate was purified by 
chromatography on a column of Biogel A, 0.5 M (Bio-Rad 
Laboratories, Richmond, Calif.) as described previously 
(33). The protein content of the vaccine was estimated by 
the method of Lowry et ah (25) , with bovine serum albumin 
as a standard. The carbohydrate content was assessed by 
the method of Dubois et al. (11), with purified type II 
polysaccharide as a standard. 

Type V capsular polysaccharide was purified from 
GBS type V strain 1169-NT1 cells by the methods described 
previously for the purification of type III polysaccharide 
(33). The conjugation of type V polysaccharide to 
monomeric TT was performed using techniques detailed 
previously for the conjugation of TT to GBS type III 
polysaccharide (33). 

Native type V polysaccharide had a relative 
m lecular weight of 200,000 Daltons. Analysis of this 
material by H-nuclear magnetic res nance spectr sc py at 
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J 

500 MHZ confirm d the nativ type V structure (2) and the 
absence of group B antigen (26). 

To introduce reactive aldehyde groups at the 
terminal sialic acid residues of the type V polysaccharide 
for linking to protein, type V polysaccharide was 
subjected to mild oxidation with sodium meta-periodate 
(18). This procedure resulted in the conversion of a 
portion of the sialic acid residues on the polysaccharide 
to the eight-carbon analog of sialic acid, 5-acetimido - 
3 , 5-dideoxy-D-galactosyloctulosonic acid (33) . The 
percentage of sialic acid residues oxidized was estimated 
by gas chromatography - mass spectroscopy of the sialic 
acid residues and their oxidized derivatives. 

The oxidized type V polysaccharide was linked to 
monomeric TT (Institute Armand Frappier, Montreal, Canada) 
by reductive amination as described previously (33). The 
TT was purified to its monomer from by gel filtration 
chromatography also as described previously (33). In 
brief, 8.6 mg of the periodate-treated type V 
polysaccharide and 8.7 mg of purified TT were dissolved in 
0.5 ml of 0.1 M sodium bicarbonate (pH 8.2). Sodium 
cyanoborohydride (31.5 mg) was added to the mixture and 
incubated at 37 9 C for 10 days. The progress of the 
conjugation was monitored by fast protein liquid 
chromatography (FPLC) of small aliguots of the reaction 
mixture analyzed on a Superose 6 (Pharmacia) gel 
filtration column. The reaction was terminated when the 
height of the peak eluting at the void volume of the 
column (representing the high-molecular-weight conjugate) 
remained constant. The conjugate was purified by 
chromatography on a 2.6 x 91 cm column of Sephacryl S-300 
HR (Pharmacia) using 0.01M phosphate, 0.15M NaCl, pH7 plus 
0.01% thimerosal as the running buffer. Th protein 
content of th vaccine was estimated by th m thod f 
Lowry et al. (25), with bovine serum albumin as a 
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standard. Th carbohydrat content was assessed by the 
method of Dubois et al. (11) , with galactose as a 
standard. 

Vaccination of rabbits vith II-TT vaccine and V- 
TT vaccine. Groups of three Nev Zealand White female 
rabbits, (Millbrook Farms, Amherst, Mass.), each rabbit 
weighing approximately 3 leg, were vaccinated 
subcutaneous ly at four sites on the back with 50 pg of 
either uncoupled native type II polysaccharide or II-TT 
vaccine, each emulsified with complete Freund's adjuvant 
in a total volume of 2 ml. These animals received booster 
injections (50 j*9) of vaccine prepared with incomplete 
Freund's adjuvant on days 20 and 41. Serum was obtained 
from each animal on days 0, 20, 34, 41, 55, and 70; 
filtered sterile; and stored at -80°c. 

A New Zealand white female rabbit (Millbrook 
Farms, Amherst, Mass.) weighing approximately 3 kg was 
vaccinated subcutaneous ly at four sites on the back with 
50 pg of 6BS type V-TT conjugate vaccine mixed with alum 
in a total volume of 2 ml. This animal received booster 
injections (50 fig) of vaccine prepared with alum on days 
22 and 42. Serum was obtained from each animal on days 0, 
35, 56 and 91; filtered sterilized and stored at -80°C. 

ELISAs. 6BS type II-specif ic rabbit antibodies 
25 were quantified by enzyme- linked immunosorbent assay 

(ELISA) with goat anti-rabbit IgG conjugated to alkaline 
phosphatase (Tago Inc. Burlingham, Calif.) at 1/3,000 
dilution. Microtiter plates (Immulon 2; Dynatech 
Laboratories, Inc., Chant illty, Va.) were coated with 100 
ng of purified type II polysaccharide linked to poly-L- 
lysine per well as described before (15, 33). Antibody 
titers were recorded as the reciprocal dilution that 
resulted in an Aw of *0.3 when wells containing the 
reference serum (rabbit antiserum rais d to whole BGS 
35 18RS21 cells) at a dilution of 1/800 reached an Au» of 



20 



30 



m inATiri rrp r»i irrr /it! u r nc\ 



WO 94/06467 



PCT/US93/09056 



10 



15 



20 



25 



30 



35 



- 12 - 

0.5. The amount of antibody specific f r the protein 
portion of the conjugate vaccine was estimat d by ELISA by 
using plates coated with monomeric TT (100 ng per well) . 
TT-specif ic IgG titers were recorded as the reciprocal 
dilution that resulted in an A«s of £0.3 35 min after 
addition of the substrate/ p-nitrophenyl phosphate (Sigma 
104 phosphatase substrate tablets; Sigma Chemical Co.). 

6BS type V-specif ic rabbit antibodies were als 
guantified by ELISA with goat anti^rabbit IgG conjugated 
to alkaline phosphatase (Tagb Inc. Burlingham, Calif.) at 
1/3,000 dilution. Microtiter plates (Immulon 2; Dynatech 
Laboratories, Inc., Chantillty, VA) were coated with 100 
ng of purified type V polysaccharide linked to. poly-L- 
lysine per well as previously described (15) . Antibody 
titers were recorded as the reciprocal dilution that 
resulted in an A^ of 20.3 when wells containing the 
reference serum (rabbit antiserum raised to whole type v 
strain 1169-NT1) at a dilution of 1/3000 reached an A405 of 
0.3. 

Separation of ZgO and ZgM from Immune rabbit 
serum. Protein A-agarose affinity column chromatography 
(Pierce Chemical Co., Rockford, 111.) was used to separate 
immunoglobulins (IgG and IgM) from 0.5 ml of pooled immune 
rabbit serum, obtained on day 70, raised to II-TT vaccine 
as described elsewhere (28) . Separation of antibody 
classes was confirmed with type II polysaccharide-coated 
ELISA plates with goat anti-rabbit IgG (7 and light chain 
specific; Tago) used at 1/500 dilution and goat anti- . 
rabbit IgM (m chain specific; Sera-Lab, Westbury, N.Y.) 
used at a 1/200 dilution. 

Competitive ELISA. The specificity of rabbit 
serum raised to the II-TT vaccine was determined by 
competitive ELISA with homol gous (type II) and 
heterologous (types la and III) p lysaccharides as 
inhibitors. Epitope specificity f vaccine- induced pooled 
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rabbit serum (obtained on day 70) was examined with native 
and desialylated type II polysaccharide and B-O- 
methylgalactopyranose as inhibitors of antibody binding. 
Native type II polysaccharide was desialylated by 
treatment with 6% acetic acid at 80*C for 2 h. 
Polysaccharide inhibitors were serially diluted 4-fold and 
mixed with an equal volume (75 pi) of pooled rabbit serum 
(diluted 10,000-fold) obtained on day 70 after vaccination 
with II-TT vaccine. This mixture (100 fil) was then added 
to type II polysaccharide-coated ELISA wells. Alkaline 
phosphatase-conjugated anti-rabbit IgG was used as the 
secondary antibody at a dilution of 1/3,000. Results are 
expressed as follows: % inhibition = [A405 with no 
inhibitor - with inhibitor) /A^ with no inhibitor] x 
100. 

The serotype specificity of GBS V-TT rabbit 
antiserum was evaluated using GBS type-specific 
polysaccharides la, lb, II, III, V and VI. ELISA wells 
were coated with 100 ng/well with GBS type V 
polysaccharide linked to poly-L-lysine. Rabbit antisera 
to V-TT vaccine, diluted 1/6,000, was incubated with each 
of the polysaccharide inhibitors. Incubated antiserum was 
added to ELISA wells and the plate processed with goat 
anti-rabbit IgG alkaline phosphatase conjugate (diluted 
1/3000) , and substrate as detailed previously (28) . 

In vitro antibody-mediated killing of GBS. The 
ability of vaccine-induced rabbit antibodies to opsonize 
GBS cells for subsequent killing by human peripheral blood 
leukocytes was assessed by an jja vitro opsonophagocytosis 
assay (7, 8). 

The reaction assay for determining the 
opsonophagocytic activity of GBS type V reactive 
antibodies was conducted by incubating 1. 5 x 10 7 whit 
blood cells (WBC) in 300 nl of buffer; 3 x 10* CFU of 
35 typ V GBS stain CJB 111 in 50pl; human complement 
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(absorbed with GBS type V strain cells) (50m1) ; antibody - 
anti V-TT-heat inactivated (50/il) ; modified Eagle's Medium 
(50/il) . The mixture was incubated with mixing for 60 min 
at 37 °C. The difference in GBS Colony Forming Units (CFU) 
was determined following incubation at 37 *C for 1 hour by 
the standard plate count method. 

Passive protection of mice by vaccine- induced 
rabbit antibodies. Groups of 10 Swiss-Webster outbred 
female mice (Taconic Farms, Germantown, N.Y.), each mous 
weighing 18 to 20 g, were injected intraperitoneal ly with 
0.2 ml of pooled serum (day 70) from rabbits vaccinated 
with either type II polysaccharide or II-TT vaccine. The 
titer, as measured by ELISA, of the pooled serum obtained 
on day 70 from rabbits immunized with type II 
polysaccharide was 100, and that of II-TT vaccine was 
12,800. Control groups of five mice received pooled 
preimmuni sati on rabbit serum or pooled antiserum raised to 
uncoupled TT (27). Twenty-four hours later, mice were 
challenged with type II strain 18RS21 (1.5 x 10 5 CFU per 
mouse) in a total volume of 1.0 ml of Todd-Hewitt broth. 
The challenge dose for each strain was previously 
determined to be lethal for >90% of mice of similar 
weights and ages. Surviving mice were counted daily, for 
three subsequent days. 

Statistical Analysis. Fisher's exact test was 
used to compare the abilities of different rabbit sera t 
passively protect mice against lethal GBS infection. 

RESULTS 

Preparation and composition of II-TT vaccine and 
V-TT vaccine. GBS II-TT vaccine and GBS V-TT vaccine were 
prepared by methods detailed previously for the 
construction of the GBS type III conjugate vaccine (33). 
Controll d periodat oxidation of type II GBS 
polysaccharide resulted in the modification of 7% of the 
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polysaccharide's sialic acid residu s as determined by gas 
chromatography-mass spectrom try analysis. Monomer ic TT 
was covalently linked to modified sialic acid sites on the 
type II polysaccharide by reductive amination. The 
purified II-TT vaccine contained 32% (wt/wt) protein and 
68% (wt/wt) carbohydrate. The final yield of II-TT 
vaccine was 7.8 mg, or 39%. 

Controlled per iodate oxidations of type V GBS 
polysaccharide resulted in modification of about 8%, 25% 
and 50% of the sialic acid residues in the polysaccharide. 
Monomeric TT was covalently linked to the modified sialic 
acid residues on the type V polysaccharide by reductive 
amination. Polysaccharides oxidized so that about 8% of 
their sialic acid residues were modified, resulted in 
conjugates having a low polysaccharide to protein molar 
ratio. Polysaccharides in which 25 or 50% of the terminal 
sialic acid residue were modified resulted in conjugate 
molecules having a more preferred polysaccharide to 
protein molar ratio. A GBS type V polysaccharide in which 
25% Of the sialic acid residues were modified, was used to 
produce conjugate vaccines having the biochemical 
characterization shown in Table I. 

TABLE 1. Composition of the GBS 
type V-TT Vaccine 



Polysaccharide size (M*) 


200,000 


Sialic acid residues oxidized {%) 


25 


Amount of vaccine as tetanus toxoid (96 dry wt.) 


38 


Amount of vaccine as carbohydrate (% dry wt.) 


62 


Mol carbohydrate/mol protein* 


0.56 



•Determined M r f tetanus toxoid monomer was 150,000. 
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Immunogenicity f XI-TT vaccina and V-TT vaccin 
in rabbit*. The immunogenicities of the II -TT vaccine and 
native type II polysaccharide were compared in rabbits. 
An increase in type II -specif ic antibody was seen 
following the primary dose of II-TT vaccine (Table 2). A 
booster dose of vaccine further increased the antibody 
response. Antibody levels remained unchanged or rose 
slightly following a second booster, dose on day 41 and 
were sustained throughout the remainder of the study 
(Table 2) . In contrast to the II-TT vaccine, uncoupled 
native GBS type II polysaccharide failed to elicit a 
specific antibody response (Table 2). Animals vaccinated 
with the II-TT vaccine also developed antibodies to TT, 
achieving approximately a 3-log 10 increase over 
^2 preimmunization levels. 
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TABLE 2. GBS type II polysaccharide- specific antibody 
titers of rabbits vaccinated with native type n 
polysaccharide or n-TT vaccine 









Antibody titer in ELISA as day:* 




5 


Vaccine and rabbit 


0 


20" 


34 


41 k 


55 


70 




Native type II 
polysaccharide 


- 














1 


100 


100 


100 


200 


100 


100 


10 


2 


100 


100 


100 


100 


100 


100 




3 


200 


100 


100 


100 


100 


100 




n-TT 
















1 


100 


400 


3,200 


3,200 


6,400 


12,800 


15 


2 


100 


1,600 


3;200 


6,400 


6,400 


25,600 


3 


100 


6,400 


12,800 


25,600 


12,800 


12,800 



• A value of 100 indicates an antibody titer of < 100. Values are the means 
of duplicate determinations. Rabbits were vaccinated subcutaneously with 
SO fig of vaccine emulsified with complete Freund's adjuvant on day 0. 

20 

b Booster doses with incomplete Freund's adjuvant were administered. 

The ixnmunogenicity of the V-TT vaccine 
(polysaccharide oxidized to 25%) was also assessed in 
rabbits. Antibody <IgG) levels increased following the 
25 first and second dose of type V-II vaccine and were 
sustained for the course of the study (Table 3). 
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TABLE 3. GBS type V polysaccharide-specific IgG titer. 





Tyfl titer as determined bv an ELISA at dav»: 




Vaccine. 


0 35 56 


91 


V»»«-TT 






Rabbit 1* 


100. 800 1,600 


1,600 



• This animal received three-50 /ig doses of vaccine mixed with alum at 3 week 
intervals beginning at day 0 



10 Antigenic properties of vaeeiae-iadueed rabbit 

sera. The conjugation of polysaccharide to a protein 
carrier should not alter important antigenic epitopes 
found on the polysaccharide in its native form. We tested 
the specificity of II-TT vaccine- induced antibodies by 

15 competitive ELISA using homologous and heterologous GBS 
polysaccharides as inhibitors. Native type II 
polysaccharide at a concentration of 450 ng/ml 
inhibited 50% of the binding of rabbit antibodies raised 
to II-TT vaccine (Fig. 2) . GBS type la and type III 

20 polysaccharides did not inhibit binding of serum raised to 
II-TT vaccine even at concentrations as high as 500 /tg/ml. 
(Fig. 2). These result verify the serotype specificity of 
II-TT vaccine-induced antibodies for the target antigen 
and indicate preservation of antigenic epitopes of the 

25 polysaccharide portion of the conjugate vaccine. 

To determine whether the epitope influenced 
by sialic acid was maintained during the preparation 
of II-TT vaccine, native and desialylated type II 
polysaccharides were used in a competitive ELISA 

30 as inhibitors of binding of rabbit antibodies raised to 
II-TT vaccine. Desialylation of the polysaccharide was 
accomplished by treatment with 6% acetic acid at 80°C 
for 2h. Quantitative removal of sialic acid residues 
was c nfirmed by the thiobarbituric acid assay (32) with 

35 N-acetylneuraminic acid (Sigma) as the standard. The K„ 
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of native type II polysaccharide before acid treatment 
was 0.49, whereas the of acid-treated polysaccharide 
was 0.52 on a Superose 6 FPLC column (LKB-Pharmacia, 
Sweden) , indicating a slight reduction in molecular size 
of the polysaccharide due to the loss of the side chain 
sialic acid residues that make up 20% of the native 
polysaccharide by weight. Even 200 fig of desialylated GBS 
type II polysaccharide per ml inhibited by 33% of the 
binding of II-TT vaccine antibodies to native type II 
polysaccharide (Fig. 3). The relatively poor recognition 
of the desialylated or core type II polysaccharide by II- 
TT vaccine antiserum was confirmed by immunoelectro- 
phoresis gels, which showed a precipitin band formed with 
the native but not the core type II polysaccharide (not 
^ shown). Binding of II-TT vaccine antisera to native type 

II polysaccharide could not be inhibited with 0-O- 
methylgalactopyranose used at a concentration range of 
0.01 to 10 mg/ml (not shown). 

The specificity of GBS type V-TT vaccine-induced 
antibodies was tested by competitive ELISA using 
homologous and heterologous GBS polysaccharides as 
inhibitors. Native type V polysaccharide effectively 
inhibited binding of rabbit antibodies raised to type V-TT 
vaccine (Figure 5). GBS type la, type lb, type II, type 

III an type VI did not inhibit binding of serum raised to 
type V-TT vaccine (Figure 5) . These results demonstrate 
the specificity of type V-TT vaccine induced antibodies 
for the target antigen. 

In vitro activity of GBS vaccine-induced 
antibodies. The ability of immune serum to opsonize GBS 
for killing by human peripheral blood leukocytes in vitro 
has correlated with protective efficacy against GBS in 
animal protection experiments (27,33). Antibodies rais d 
in the thr rabbits vaccinated with II-TT vaccin 
35 enhanced the killing of GBS typ II strain 18RS21 by fcl.8 
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log, 0 (Table 4) . Preiaununization rabbit serum or serum 
from rabbits vaccinated with native GBS type II 
polysaccharide or uncoupled TT failed to enhance the in 
vitro killing of GBS (Table 4) . Vaccine- induced rabbit 

5 antibodies promoted the killing by human blood leukocytes 
of two GBS type II clinical isolates (strains S16 and S20) 
by £1.8 logio compared with preimmunization rabbit serum 
(Table 5) . Rabbit serum to type II-TT vaccine was 
determined to be serotype specific, as it failed to 

q promote the in vitro killing of heterologous (types la and 
III) GBS strains (Table 5) . 

TABLE 4. In vitro opsonophagocytic killing of GBS type E 
strain 18RS21 by rabbit antiserum raised to native type II 
polysaccharide, n-TT vaccine, or TT 





Serum source 
(day of collection) 


CFUaf: 
0 min 60 min 


GBS 
killed 
(logio) 




Type n polysaccharide (70) b 


4.3 x 10 6 


6.6 x 10 6 


-0.19 


20 


II-TT vaccine (0) 


6.0 x 10* 


6.4x10* 


-0.03 




n-TT vaccine (70) 










Rabbit 1 


4.0 x 10 6 


5.7 x 10* 


1.85 




Rabbit 2 


4.3 x 10 6 


2.7 x 10* 


2.20 


25 


Rabbit 3 


3.9 x 10 6 


4.3 x 10* 


1.96 


TT (70) 


4.2 x 10 6 


6.9 x 10 s 


-0.21 




None 


3.9 x 10 s 


7.1 x 10 s 


-0.26 



• Reaction mixture contained serum (at a final assay concentration of 1%) to 
be tested, type II GBS-absorbed human serum as a source of complement, 
30 human peripheral blood leukocytes, and type II GBS 18RS21. Values are 

means of duplicate determination. 

b Rabbit serum collected following the primary dose of native type II 
polysaccharide in complete Freund's adjuvant 

35 
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TABLE 5. In vitro opsoncphagocytic killing of GBS strains 
by prammunization and immune rabbit serum 
raised to n-TT vaccine 



.. . GBS killed (log,^ 

5 GBS tvoe and strain . . " _ " \ 

Preimmunization Immune II-TT vaccme 

(day 6) (day 70) 

n 

18RS21 -0.36 1.98 

10 S16 0,96 2.78 

S20 -0.01 1.84 

la 090 ND -0.51 

m_M781 ND ^54 

15 ■CFU (logio) at 60 min - GFU (logic) at 0 min. Reaction mixture contained 

serum to be tested, type n GBS -absorbed human serum as a source of 
complement, human peripheral blood leukocytes, and type n GBS I8RS21. 
Values are means of duplicate determinations. ND, not done. 

Protein A-affinity-purif ied IgG and IgM were 
20 obtained from pooled serum raised to type II-TT vaccine 
(28) . The specificity of each Ig fraction was confirmed 
by ELISA with class-specific secondary antibody. The A^S 
of the IgM and IgG fractions (diluted 1/100) were 0.384 
and 0.009, respectively, with /i-chain-specific conjugate. 
25 and 0.086 and 2.367, respectively, with goat anti-rabbit 
IgG (? and light chain specific) . Isolated IgM and IgG 
were tested for their abilities to enhance opsonic killing 
of type II GBS by human blood leukocytes. Unfractionated 
sera raised to type II-TT vaccine diluted 1:100 and an 
30 eguivalent 1:100 dilution of the IgG fraction from the 
same sera promoted killing of type II GBS by 1.65 ± 0.22 
and 0.95 ± 0.09 log, 0 , respectively. In contrast, type II 
GBS were not killed but gr w in the presence of 
preimmunizati n serum (-0.39 ± 0.13 log, 0 ) and igM- 

35 



SUBSTITUTE SHEET (RULE 26) 



WO 94/06467 



PCT/US93/09056 



10 



- 22 - 

enriched fracti n from serum raised to type II-TT vaccine 
(-0.28 ± 0.09 log 10 ) in th opsonophagocytic assay. 

The ability of GBS type V-TT vaccine-induced 
rabbit antisera to promote the killing of a GBS-type V 
strain" (CJB 111) by human blood leukocytes was also 
assessed by the Id vitro opsonophagocytic assay (8) . As 
shown in Figure 6, GBS type V-TT antisera at a 
concentration of 10%, effectively optimised GBS type V 
strain CJB 111 relative to controls. Control reactions 
conditions were: complement (10%) without antisera; 
antiserum (10%) without complement; antiserum (1%) and 
complement. 

House protection assay. To test the. in vivo 
protective abilities of vaccine-induced antibodies, mice 
2^ were passively immunized with pooled II-TT vaccine sera 
(day 70) 24 h prior to challenge with type II GBS 18RS21. 
Previously, the challenge does was determined to be lethal 
for 90 to 100% of mice tested. Complete (100%) protection 
was afforded to groups of mice that received serum raised 
to GBS II-TT vaccine, whereas only one of five mice 
receiving prevaccination serum survived (Table 6) . There 
were no survivors among mice that received serum from 
rabbits vaccinated with either uncoupled type II 
polysaccharide or uncoupled TT (Table 6). 

25 
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TABLE 6. Passive protection of Swiss-Webster outfared mice 
against GBS type II strain 18RS21 with sera from rabbits 
vaccinated with native type n polysaccharide 
TJ-TT vaccine, or TP 



Rabbit serum* 


No. of survivors/ 


% Survival 


. (day of collection) 


total no. of mice* 




n-TT vaccine (70) 


10/10 


100" 


n-TT vaccine (0) 


1/5 


20 


Type n polysaccharide (70) 


0/10 


0 


TT (70) 


0/5 


0 



' Mice were ghrai a 90% lethal dose (1.5 x 10 5 CFU per mouse) of GBS. 

b Serum samples from three rabbits were pooled. 

e Survival was determined 72 h after challenge. 

6 P = 0.0037 compared with preimmunization (day 0) values. 



The coupling strategy used with GBS type III 
polysaccharide/ first developed for meningococcal 
polysaccharide (18), may be applicable to all GBS capsular 
polysaccharide antigens, since they all contain sialic 

20 acid. However, unlike the other GBS polysaccharides that 
have sialic acid as the terminal saccharide of di- or 
trisaccharide side chains, the GBS type II polysaccharide 
has a repeating unit that bears sialic acid as the sole 
sugar on one of the two monosaccharide side chains (9, 

25 20) . In constructing the GBS type II conjugate vaccine, 
we oxidized 7% of sialic acid residues on the type II 
polysaccharide and used these as sites for coupling the 
polysaccharide to TT* Purified II-TT vaccine eluted in 
the void volume of a Superose 6 column (compatible with a 

30 molecular weight of > 10 6 ) and was composed of 68% (wt/wt) 
carbohydrate and 32% (wt/wt) protein. 

Type II-TT vaccine emulsified with adjuvant was 
immunogenic in rabbits in contrast t uncoupled native 
type II polysaccharide, which fail d to elicit typ II 
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p lysaccharide-specific antibody. Two of three rabbits 
immunized responded strongly 3 weeks after a single dose 
of II-TT vaccine. Optimal type-specific antibody was 
achieved in all three rabbits 3 weeks after a booster dos 
of II-TT vaccine. Further increases in type Ii-specific 
antibody titer were not seen after the third dose of II-TT 
vaccine. Results from in vitro and in vivo experiments 
indicated that antibodies raised to II-TT vaccine were 
functionally active against type II GBS. Serum from each 
of three rabbits vaccinated with II-TT vaccine promoted 
the in vitro killing of type II GBS by human peripheral 
leukocytes and provided outbred mice with complete (100%) 
protection against a lethal dose of type II GBS. II-TT 
vaccine antiserum was opsonically active against 
homologous GBS strains (18RS21, S16, and S20) but not 
heterologous GBS serotypes (types la and III) tested. 

Whereas native type II polysaccharide inhibited 
binding of II-TT vaccine antisera to type II 
polysaccharide-coated ELISA wells, <40% inhibition was 
obtained with desialylated type II polysaccharide, even 
when it was used at a concentration of 200 /tg/ml. This 
result suggests that an important antigenic determinant f 
type II polysaccharide is dependent on the presence of 
sialic acid residues. This result corroborated those 
obtained with rabbit antisera raised to whole type II 
organisms (21) . However, ELISA inhibition experiments 
using /J-o-methylgalactopyranose as an inhibitor indicated 
that rabbit antisera raised to II-TT vaccine did not 
contain galactose-specific antibodies. No inhibition of 
binding of II-TT vaccine antiserum to type II native 
polysaccharide was obtained even with 0-0- 
methylgalactopyranose at a concentration of 10 mg/ml. 
Therefore, the side chain galact s d es not appear t be 
an immunodominant epit p of typ II polysaccharide when 
the polysaccharid is c upled t TT. These results are in 
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contrast t immunochemical studi s performed with rabbit 
sera raised to whole type II GBS organisms (12, 21) in 
which the galactose side chain appeared to be one of two 
immunodominant sites, along with a sialic acid-dependent 
epitope, of typ e 11 polysaccharide. Whole type II GBS 
cells used in previous studies (12, 21) and not cultured 
in pH-controlled conditions may possess polysaccharides 
that, to some degree, lack sialic acid. Under these 
circumstances, the side chain galactose might be major 
antigenic epitope. The source of type II polysaccharide 
used to synthesize the II-TT vaccine was a culture of typ 
II GBS maintained at a pH of 7.0; a final analysis 
confirmed that sialic acid constituted -20% (wt/wt) of the 
polysaccharide. We cannot exclude the possibility that 
coupling type II polysaccharide to TT altered the 
conformation of the polysaccharide, thereby rendering the 
galactose epitope unavailable for recognition by the host 
immune system. Although II-TT vaccine-induced rabbit 
antiserum lacked galactose-specif ic antibodies, it was 
fully functional in vitro and in vivo against type II GBS 
organisms. Neither chemical modification of some of the 
sialic acid residues nor the subsequent binding of TT to 
these sites altered critical antigenic epitopes necessary 
to elicit functional type II-specific antibody. That 
purif ied IgG from rabbit sera raised to II-TT vaccine 
promoted killing in vitro of type II GBS by human 
leukocytes suggests that not only was the immunogenicity 
of type II polysaccharide increased by conjugating it to 
TT but also that functional IgG antibodies were elicited. 

The GBS type V capsular polysaccharide has a 
repeating unit structure consisting of a trisaccharide 
backbone containing two distinct side chains on adjacent 
sugar residu s. (Refer enc 35; Figure 4). In one of the 
GBS type V-TT c n jugate vaccin preparati ns, 25% f th 
sialic acid residues on the 1 nger side chain (i. . 3 
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sugar residues) in th typ V polysaccharid were 
oxidized. The oxidized sialic acid residues wer used as 
sites to couple the type V polysaccharide to TT. The 
purified type V-TT vaccine was composed of 38% (wt/wt) TT 
and 62% (wt/wt) carbohydrate* The V-TT vaccine mixed with 
alum was shown to be immunogenic in rabbits. A strong 
response was observed after the first dose and booster 
doses of type V-TT vaccine. The second booster dose also 
resulted in a further increase in the type V 
polysaccharide IgG titer. The serospecif icity of the typ 
V-TT induced assays was demonstrated by competitive 
ELISAs. Rabbit antiserum raised against the V-TT vaccine 
are functionally active as evidenced by the ability to 
kill type V GBS in vitro in the presence of human white 
^ blood cells and complement; 

Like III-TT vaccine, II-TT vaccine demonstrated 
improved immunogenicity in rabbits compared with active 
polysaccharide and elicited opsonically active IgG in 
rabbits despite difference in polysaccharide structure, 
position of the sialic acid on the polysaccharide to which 
TT was linked, and vaccine composition. The type V-TT 
vaccine also proved immunogenic in rabbits and to be 
capable of inducing functionally antibodies in vivo . We 
anticipate that GBS polysaccharide-protein conjugates of 
2^ this design will ultimately constitute components of a 
multivalent GBS vaccine capable of providing protection 
against the GBS serotypes most often associated with 
disease in humans. 

In addition, we anticipate that vaccines can b 
produced from , the conjugate molecules of this invention, 
by adding the conjugate molecules to a pharmaceutical ly 
acceptable carrier. Preferably, the degree of cross- 
linking in the antig nic molecul s of this invention is 
controlled to an extent sufficient to provid vaccines 
which may be filter st rilized thr ugh a 0.2 micron 
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filter. Such vaccines preferably ar soluble. 
Immunization may be eff cted by injecting the r cipient 
mammal with the vaccine once followed by subsequent 
booster injections as necessary. A sufficient dose of the 
vaccine to be administered can be based on the amount of 
polysaccharide present: a range of 3*80 fig of the 
polysaccharide component of the conjugate vaccine may be 
administered. 
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WE CLAIM: 

1. An antigenic conjugate molecule comprising 
the capsular polysaccharide selected from the group 
derived from a Group B streptococcus from type II or typ 
V bacteria and a protein component wherein two or more 
side chains terminating in sialic acid residues of the 
polysaccharide component are each linked through a 
secondary amine bond to protein and wherein the molecular 
weight of the polysaccharide is at least 5000 daltons. 

2. The conjugate molecule according to claim 1 
wherein between 5 and 50% of the terminal sialic acid 
residues of each polysaccharide are available to be linked 
to protein. 

3. The conjugate molecule according to claim 2 
wherein between 5 and 25% of the terminal sialic acid 
residues of each polysaccharide are available to be linked 
to protein. 

4. The conjugate molecule according to claim 3 
wherein between 5 and 10% of the terminal sialic acid 
residues of each polysaccharide are available to be linked 
to protein. 

5. The conjugate molecule according to claim 4 
wherein the polysaccharide is GBS type II and wherein 7% 
of the terminal sialic acid residues of each 
polysaccharide are available to be linked to protein. 

6. The conjugate molecule according to claim 1 
wherein the antigenic conjugate molecule is capable of 
being filter sterilized through a 0.2 micron filter. 
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7. Th conjugat molecul according to claim 1 
wherein the polysaccharide component has a molecular 
weight of between about 5,000 and 1,000,000 daltons. 

8. The conjugate molecule according to claim 7 
wherein the polysaccharide component has a molecular 
weight of between about 50,000 and 500,000 daltons. 

9. The conjugate molecule according to claim 1 
wherein the polysaccharide is GBS type V and wherein 
about 25% of the terminal sialic acid residues of each 
polysaccharide are linked to protein. 



10. The conjugate molecule according to claim 8 
^2 wherein the polysaccharide component has a molecular 

weight of between about 100,000 and 300,000 daltons. 

.V 

11. The conjugate molecule according to claim 9 
wherein the polysaccharide component has a molecular 
weight of about 200,000 daltons. 



12. The conjugate molecule according to claim 1 
wherein the protein is selected from the group consisting 
of tetanus toxoid, diphtheria toxoid and CRM (Cross 
Reactive Material) 197. 

13. A method of preparing a conjugate molecule 
of a capsular polysaccharide of Group B streptococcus typ 
II on type V bacteria and a protein comprising 

(a) subjecting the Group B streptococcus 
type II capsular polysaccharide to periodate oxidation 
sufficient to introduce an aldehyde group into two or more 
terminal sialic acid residues linked t the backbone of 
th polysaccharide; 
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(b) c upling the oxidiz d Group B 
streptococcus type II capsular polysaccharide to a protein 
through reductive amination to generate a secondary amine 
bond between the capsular polysaccharide and the protein. 

14. The method according to claim 13 wherein 
between about 5 and 50% of the sialic acid residues of 
each polysaccharide are oxidized to form aldehyde groups 
capable of coupling to protein. 

15. The method according to claim 14 wherein 
between about 5 and 25% of the sialic acid residues of 
each polysaccharide are oxidized to form aldehyde groups 
capable of coupling to protein. 

16. The method according to claim 15 wherein 
between about 5 and 10% of the sialic acid residues of 
each polysaccharide are oxidized to form aldehyde groups 
capable of coupling to protein. 

17. The method according to claim 16 wherein 
about the polysaccharide is GBS type II and wherein 7% of 
the sialic acid residues of each polysaccharide are 
oxidized to form aldehyde groups capable of coupling to 
protein. 

18. The method according to claim 13 wherein 
between about 5 and 50% of the sialic acid residues of 
each polysaccharide are covalently linked to protein. 

19. The method according to claim 18 wherein 
between about 5 and 25% of the sialic acid residues of 
each p lysaccharid are covalently linked to protein. 
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20. The meth d acc rding to claim 19 wherein 
between about 5 and 10% of the sialic acid residues of 
each polysaccharide are covalently linked to protein. 

21. The method according to claim 19 wherein 
about the polysaccharide is GBS type II and wherein 5% of 
the sialic acid residues of each polysaccharide are 
covalently linked to protein. 

22. The method according to claim 13 wherein 
the polysaccharide is GBS type V and wherein about 25% of 
the terminal sialic acid residues of each polysaccharide 
are linked to protein. 

2^ 23. A conjugate molecule prepared according t 

the method of claim 13. 

24. A vaccine comprising the conjugate molecule 
according to claim 1. 

20 

25. A multivalent vaccine comprising the 
conjugate molecule according to claim 1 and at least one 
other immunogenic molecule capable of eliciting the 
production of antibodies to a pathogenic substance other 

25 than Group B streptococcus type II. 

26. The multivalent vaccine according to claim 
25 wherein the other immunogenic molecules are capable of 
eliciting the production of antibodies to pathogens 

2q selected from the group consisting of Group B 

streptococcus types Ia f lb, II, III, IV and V, Haemophilus 
influenzae type b and E. coli type Kl. 
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27. The multivalent vaccine according to claim 

26 wherein the other immunogenic mol cul s ar capable of 
eliciting the production of antibodies to pathogens 
selected from the group consisting of Group B 
streptococcus types la, lb, II, III, Haemophilus 
influenzae type b and E. coli type Kl. 

28. The multivalent vaccine according to claim 

27 wherein the other immunogenic molecules are capable of 
eliciting the production of antibodies to pathogens 
selected from the group consisting of Group B 
streptococcus types la, lb, II, III and E. coli type Kl. 

29. The multivalent vaccine according to claim 

28 wherein the other immunogenic molecules are capable of 
eliciting the production of antibodies to pathogens 
selected from the group consisting of Group B 
streptococcus types la, lb, II, III. 

30. A method of immunizing neonates comprising 
administering the conjugate molecule according to claim 1 
in an immunogenic amount to a female human so as to 
produce antibodies capable of passing into a fetus 
conceived prior to or after administration of the vaccine 
in an amount sufficient to produce protection against 
infection in the neonate at birth. 

31. The method according to claim 30 wherein 
the vaccine is administered before pregnancy. 

32. The method according to claim 30 wherein 
the vaccine is administered to a female between the ages 

f about 10 and 50 years of ag . 
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33. The meth d according t claim 30 wherein 
the vaccine is administered during pregnancy, 

34. A method of immunizing humans wherein a 
vaccine comprising the conjugate molecule according to 
claim 1 is administered in an immunogenic amount to 
humans. 

35. A method of immunizing adults wherein a 
vaccine comprising the conjugate molecule according to 
claim 1 is administered in an immunogenic amount to a 
person at risk for being infected by Group B streptococcus 
type II or type V. 

^ 36. The method according to claim 35 wherein 

the vaccine is administered to a person whose immune 
system is suppressed. 



10 



20 



37. The method according to claim 36 wherein 
immunosuppression is due to diseases selected from the 
group consisting of cancer or diabetes. 



38. The method according to claim 37 wherein 
said vacine is administered in a pharmaceutically 

2£ acceptable carrier. 

39. A method of immunizing dairy herds against 
bovine mastitis consisting of administering a vaccine 
comprising the conjugate molecule according to claim 1 in 

2 0 an immunogenic amount to dairy cows. 
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